. The five sectors include the consumer discretionary, consumer staples, financial, industrials and materials sectors. Generalised Autoregressive Conditional Heteroskedasticity in Mean (GARCH-M) models are used to consider the impact of returns in other European markets on the returns in each market across each sector. The results indicate that there are relatively few significant interrelationships between sectors in different markets, with most of these accounted for by the larger markets in France, Germany and Italy. The evidence also suggests the consumer discretionary, financial and materials sectors are relatively more interrelated than the consumer staples and industrials sectors. This has clear implications for portfolio diversification and asset pricing in the EU. JEL classification codes: C32, F36, G15
I. Introduction
In recent years, the interrelationships among the world's equity markets have increased dramatically, and concomitantly a voluminous empirical literature concerned with analysing these interrelationships has arisen. Justification for this interest is not hard to find. Although the gradual lifting of restrictions on capital movements, relaxation of exchange controls and improved accessibility to information have led to a substantial increase in international stock market activities and the flow of global capital, they have also increased the vulnerability of individual markets to global shocks. Substantial interrelationships then calls for greater * Andrew Worthington (corresponding author): School of Economics and Finance, Queensland University of Technology, GPO Box 2434, Brisbane QLD 4001, Australia; tel. +61 (0)7 3864 2658, fax. +61 (0)7 3864 1500; email a.worthington@qut.edu.au. Siv Taing: email s.taing@qut.edu.au cooperation between prudential and monetary regulators in different markets to handle these shocks, particularly in groups sharing a common currency or with substantial trade and investment links. Moreover, if equity markets have significant interrelationships between them, then the benefits of international diversification are reduced. If as hypothesised, high correlations of returns exist between markets, diversification may not allow investors to reduce portfolio risk while holding expected return constant [for early work in this area see Levy and Sarnat (1970) and Solnik (1974) ].
Interrelationships in stock price fluctuations exist for four main reasons. To start with, interrelationships may arise where economies as a whole are more integrated, such as within the European Union, and especially given the introduction of the single currency. In this case, substantial trade and investment linkages, common institutional and regulatory structures and shared macroeconomic conditions imply equity pricing more closely reflects regional, rather than national, factors. A second source of interrelationships may arise from country-specific shocks that are rapidly transmitted to other markets. This transmission can occur through the international capital market provoking a reaction in domestic capital markets (known as market contagion). This hypothesis also suggests that markets that are larger in size and are more dominant are likely to exert a greater influence on smaller markets. The third source of interrelationships arises from shocks specific to sectors of each economy. For example, if a technology shock affects a particular sector, stock price interrelationships may arise from connections between this and other sectors within a market. Lastly, a final source of interrelationships is from shared investor groups. For example, when two countries are geographically proximate and have similar groups of investors in their markets, these markets are also likely to influence each other.
Equity markets within the European Union represent a pertinent context within which to examine such comovements. Not only do these geographically close and globally important RETURN RELATIONSHIPS AMONG EUROPEAN EQUITY SECTORS 3 markets have extensive trade and investment linkages in the first instance, the institutional, regulatory and macroeconomic harmonisation brought about by the common market and currency implies a very strongly interrelated regional market. Moreover, European equity markets have increasingly attracted non-European investors to the potential benefits of international diversification, and the eastwards expansion of the EU in the next several years will only increase its share of global capitalisation. However, it has also been persuasively argued [see, for example, Akdogan (1995) , Meric and Meric (1997) , Friedman and Shachmurove (1997) and Cheung and Lai (1999) ] that comparatively recent developments in the EU to deepen both political and economic integration have diminished the prospects for diversification. Akdogan (1995: 111) , for example, suggests "…in light of recent developments towards greater financial integration within the Union, one might argue that European equities are priced in an integrated market and not according to the domestic systematic risk content".
Unfortunately, "although a number of articles dealing with the co-movements of the world's equity markets are available, articles focusing solely on European equity markets are virtually non-existent" (Meric and Meric 1997) . Furthermore, even when European equity markets are examined in a broader multilateral context (that is, in conjunction with North American and Asian capital markets), an emphasis is usually placed upon the larger economies. For example, Darbar and Deb (1997) included only the U.K. in their study of international capital market integration, Kwan et al. (1995) , Francis and Leachman (1998) and Masih and Masih (1999) added Germany, Arshanapalli and Doukas (1993) excluded Germany and focused on France and the U.K., Cheung and Lai (1999) removed the U.K. and added Italy to France and Germany, and Solnik et al. (1996) and Longin and Solnik (1995) included Germany, France, Switzerland and the U.K. This bias is equally noticeable in studies that concentrate on European equity markets, including Espitia and Santamaria (1994) , Abbott and Chow (1993) , Shawky et al. (1997) , Ramchand and Susmel (1998), Richards (1995) and Chelley-Steeley and Steeley (1999) where only the larger European economies were included.
A more startling omission in the literature is that despite the widespread use of advanced techniques to examine interrelationships among national markets, little use of these techniques has been made to examine the interrelationships between sectors in different national markets [see, for example, Baca et al. (2000) ]. While some work on the decomposition of European equity returns according to global, regional, country and industry factors has been undertaken [see, for instance, Grinold et al. (1989) , Becker et al. (1992 Becker et al. ( , 1996 , Drummen and Zimmerman (1992) , Rouwenhorst (1994, 1999) , Griffin and Karolyi (1998) and Arshanapalli et al. (1997) ] few have employed the techniques common in national analyses. This is important in a global context as the extent to which sectors in different markets are interrelated is likely to be related to the differing nature of these sectors, the extent of multilateral and bilateral trade liberalisation, and capital flows and control. These are likely to vary across sectors, such that some sectors in a market may be more or less related to sectors in another, than suggested by the market itself. Such differences are likely to be especially important in the European Union where the substantive liberalisation of the flows of goods and services, capital and labour owes much to regional policy and regulation. Accordingly, the purpose of the present paper is to examine the interrelationships between selected sectors in several different markets within the European Union's regional market.
The paper itself is divided into four main areas. Section II briefly discusses the data employed in the analysis. Section III explains the methodology. The results are dealt with in Section IV.
The paper ends with some brief concluding remarks in Section V.
II. Data Description
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The data employed in the study is composed of value-weighted equity sector indices for six Meric and Meric (1997) , Yuhn (1997) and Roca (1999) ]. Daily data is The basic hypotheses concerning these markets and sectors are as follows. First, past research on European markets generally indicate that larger economies dominate smaller economies in terms of both the magnitude and significance of interrelationships. Second, evidence regarding industry factors tends to suggest that sectors that have greater involvement in foreign trade (i.e., chemicals, electrical, oil, gas, pharmaceuticals, etc.) tend to have more interrelationships than industries that mostly supply domestic goods (i.e., retailing, utilities, real estate, etc.). Moreover, larger industrialised capital markets such as Italy and Germany tend to have larger industry effects, that is, more globally interrelated industries. test statistics are reported. By and large, the distributional properties of all thirty daily return series appear non-normal. Eight (ten) of the thirty return series are significantly negatively (positively) skewed indicating the greater probability of large decreases (increases) in returns than increases (decreases). This is also suggestive of volatility clustering in daily sector returns.
<TABLE 1 HERE>
The kurtosis, or degree of excess, in all of the return series is also large, ranging from 3.8681 in the industrials (IND) sector for Germany (GER) to 22.9294 in the financials (FNL) sector for Finland (FIN), thereby indicating leptokurtic distributions. The calculated Jarque-Bera statistics and corresponding p-values in Table 1 are used to test the null hypotheses that the distribution of the returns is normally distributed. All the p-values are smaller than the .01 level of significance indicating the null hypothesis can be rejected. These series are then not well approximated by the normal distribution. For the purposes of commenting on the time series properties of these returns, Table 1 also presents the ADF unit root tests for the thirty return series where the null hypothesis of nonstationarity is tested. All of the ADF test statistics are significant at the 0.01 level, thereby indicating stationarity.
III. Empirical Methodology
The distributional properties of the sector returns in all markets indicate that generalized autoregressive conditional heteroskedastistic (GARCH) models can be used to examine the dynamics of the return generation process. Autoregressive conditional heteroscedasticity (ARCH) models and generalised ARCH (GARCH) models that take into account the timevarying variances of time series data have already been widely employed. Suitable surveys of ARCH modeling in general and/or its widespread use in finance applications may be found in Bollerslev et al. (1990) , Bera and Higgins (1993) and MacAleer and Oxley (2002) .
The specific GARCH(p,q)-M model used in this analysis is considered appropriate for several reasons. First, the capital asset pricing. model (CAPM) and the arbitrage pricing theory (APT) establish the well-known (positive) relationship between asset risk and return.
At a theoretical level, asset risk in both CAPM and APT is measured by the conditional covariance of returns with the market or the conditional variance of returns. ARCH models are specifically designed to model and forecast conditional variances and by allowing risk to vary over time provide more efficient estimators and more accurate forecasts of returns than those conventionally used to model conditional means.
Second, an approach incorporating GARCH(p,q) can quantify both longer and shorter-term volatility effects. While ARCH allows for a limited number of lags in deriving the conditional variance, and as such is considered to be a short-run model, GARCH allows all lags to exert an influence and thereby constitutes a longer-run model. This reflects an important and wellfounded characteristic of asset returns in the tendency for volatility clustering to be found, such that large changes in returns are often followed by other large changes, and small changes in returns are often followed by yet more small changes. The implication of such volatility clustering is that volatility shocks today will influence the expectation of volatility many periods in the future and GARCH(p,q) measures this degree of continuity or persistence in volatility.
Finally, the GARCH in mean (GARCH-M) model is very often used in financial applications where the expected return on an asset is directly related to the expected asset risk such that the estimated coefficient on risk is a measure of the risk-return trade-off. In these models the mean of the return series is specified as an explicit function of the conditional variance of the process, allowing for both the fundamental trade-off between expected returns and volatility while capturing the dynamic pattern of the changing risk premium over time. Of course, other time series models could have been used. Engle and Kroner (1995) , for example, RETURN RELATIONSHIPS AMONG EUROPEAN EQUITY SECTORS 9 specify a multivariate GARCH (MGARCH) model allowing for multiple interactions in conditional mean and variance, while Cheung and Ng (1996) develop a test for causality in variance and illustrate its usefulness concerning temporal dynamics and the interaction between financial time series. A clear limitation then of the approach chosen is that intermarket effects are only allowed for in the conditional mean equation and not in the conditional variance equation. This is somewhat offset by its straightforwardness.
The GARCH(p,q)-M model for a given sector is described by the following:
(1)
where the variables in the mean equation for each market in Equation (1) Heteroskedasticity consistent covariance matrices are estimated.
IV. Empirical Results
The estimated coefficients and standard errors for the conditional mean return equations are presented in Table 2 . Different GARCH(p,q) models were initially fitted to the data and compared on the basis of the Akaike and Schwarz Information Criteria (results not shown) from which a GARCH(1,1) model was deemed most appropriate for modelling the daily return process for all sectors. This specification has generally been shown to be a parsimonious representation of conditional variance that adequately fits most financial time series. However, the F-statistic of the null hypothesis that all coefficients are jointly zero in Table 3 A basic hypothesis examined is whether volatility is a significant factor in pricing, or equivalently, whether an intertemporal tradeoff exists between risk and return in each sector in each market. As indicated by the significance of the estimated coefficient for the GARCH parameter in the mean equation, only in the case of CNS in IRE, FNL in BEL, GER and ITL, IND in BEL and MTL in ITL is it significant. Theory suggests that the equilibrium price of systematic risk should be significant and positive, but as a measure of total rather than nondiversifiable systematic risk an increase in volatility need not always be accompanied by a significant increase in the risk premium. This is especially the case if fluctuations in volatility are mostly due to shocks to unsystematic, as against systematic, risk. Nonetheless, all of the GARCH parameters, when significant, are positive. Table 3 presents the estimated coefficients for the conditional variance equations in the GARCH models. The constant term (CON) in the variance equation constitutes the timeindependent component of volatility and reflects the volatility if no ARCH (last period's shock) or GARCH (previous period's shocks) effect is significant. In the case of nearly all of the thirty models the estimated coefficient is significant and positive, though its magnitude is very small, suggesting all or nearly all volatility in sector returns is made up of time-varying components. The own-innovation spillovers (ARCH) in nearly all sector returns are also significant as are the lagged volatility spillovers (GARCH). However, the magnitude of the GARCH terms is always larger than the ARCH terms. This implies that the last period's volatility shocks in sector returns have a lesser effect on its future volatility than previous surprises.
<TABLE 2 HERE>
<TABLE 3 HERE>
The sum of the ARCH and GARCH coefficients measures the overall persistence in each market's own and lagged conditional volatility and is also presented in France, Germany and Italy. Conventionally, the suggestion is that the former markets are better able to absorb the shocks to which they are exposed than the latter. One possibility is that even though these markets are relatively small they are also relatively more efficient at absorbing shocks from sectors in other markets, especially since they are less important and more isolated in the context of European sector returns than France, Germany and Italy.
Concluding Remarks
This paper investigates the interrelationships among five sectors and six European equity markets during the period 1999 to 2002. A generalised autoregressive conditional heteroskedasticity in mean (GARCH-M) technique is used to model the daily return generation process in these markets. As far as the authors are aware, this represents the first application of this methodology to sector markets in Europe and adds significantly to our knowledge of the interrelationships that systematically affect returns within a multivariate framework. One of most important results is that there is much variation in the time-series properties among the sectors and markets included in the sample, despite the fact that they are all Member States of the European Union and have many commonalities in capital, product and factor markets. While all of the returns exhibit the volatility clustering and predictability expected, the persistence of this volatility varies markedly with half-lives anywhere between slightly more than a day to nearly fourteen days with persistence in the materials and industrials sectors being generally higher than in the consumer durables, consumer staples and financial sectors.
In marked contrast to overwhelming evidence elsewhere that European equity markets share many significant interrelationships, relatively few are found at the sector level. Several significant causal linkages exist among the different sectors and markets, though these vary among the sectors with the consumer discretionary, financial and materials sectors having many more significant interrelationships than the consumer staples and industrials sectors. That said it is also possible that the fundamental lead-lag relationships between European stock markets may also have changed following the introduction of the single currency and that the results of this analysis may reflect this change, rather than impediments to integration at the sector level. Westermann (2003) , for example, argues that lead-lag relationships within major European markets disappeared after the introduction of the single currency, and that reduced cross-country linkages in the current period are in accordance with the predictions of an international model of feedback trading. Unfortunately, the period analysed in this study is not able to provide insights on whether the fundamental relationships between European sectors have changed from that existing before the introduction of the single currency. 
